Chronic health conditions of the elderly lead to limitations in physical activity with disability, anxiety, and increased need for medical care and assisted living conditions. Physical performance tests are used to screen for pending loss of mobility and can serve as endpoints to monitor the effectiveness of intervention measures. Since limited mobility is associated with the physical and mental health of a person, evaluation of this in preclinical aging studies in mice will provide a translational approach for testing new intervention strategies. We assessed physiological parameters in 4, 12, 20 and 28 month old C57BL/6 and CB6F1 male mice using a rotating rod, a free running wheel, and a photo beam activity field, designed to determine changes in coordinated walking ability, self-motivated running distance, and anxiety response to a novel environment, respectively. Older mice showed decreased coordinated walking times and decreased running distances, predictive of physical performance ability and motivation in the elderly. Changes in both lateral and vertical movements were observed in a novel cage environment suggesting different levels of anxiety. Because the genetic background of the two mouse strains influenced test results in an age-dependent manner, it is imperative to recognize that diverse genetic backgrounds in mice may yield different data in preclinical studies and would need to be interpreted individually for translational applications.
Introduction
The older population is expected to grow considerably over the next several decades. By 2050, the population aged 65 years and older in the United States alone is projected to reach 83.7 million, nearly double the estimated 43.1 million in 2012 (Ortman et al., 2014) . This enormous growth of the elderly population will have a large effect on healthcare resources and costs, as chronic health conditions lead to limitations in mobility and cause disability and increased need for medical care and assisted living conditions (Olshansky et al., 2009; Seals et al., 2015) . Physical and cognitive function are known to decline with increasing age (Blagosklonny, 2012) , resulting in a decreased ability to conduct a mobile and independent level of living. Deterioration in physical performance leads to a frail condition with a high potential for falls, loss of independence, increased anxiety, and subsequent assisted living or hospitalization (Fried et al., 2001) . Preventive care is an optimal management approach that includes early detection of physical dysfunction so that strategies can be designed and implemented to delay, and possibly regain mobility and maintain independence and decrease stress levels. In this regard, physical performance tests have been used to screen for pending loss of physical activity. In order to be useful, they must be simple, fast, and inexpensive. They must also serve as endpoints to monitor the effectiveness of intervention measures, and have comparable translational assessment procedures so that strategies can first be tested in preclinical studies.
The aging mouse is a model used for preclinical studies to assess aging and age-related dysfunction in humans (Flurkey et al., 2007 ). An understanding of how mice age physiologically and the numerous aging problems that accompany aged mice is important in order to better understand how they can be used as predictive models for human aging. Since limited physical activity and motor function are associated with the physical and mental health of a person, we sought to find ways to evaluate these in aging mice. Cross-disciplinary research in humans and mice is helpful to better understand aging and the value and limitations of translational tests to determine physical and mental deficits (Justice et al., 2014; Liu et al., 2014) . We used performance assays to assess how self-motivated and stress-driven responses were affected by age and strain in male mice at four age groups (4, 12, 20, and 28 months) . Specifically, older mice had greatly attenuated running distances in a voluntary running wheel and significantly decreased walking retention times on a rotating rod compared to younger mice. Experimental Gerontology 91 (2017) 
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When older mice were placed in a novel cage environment, anxiety response levels varied depending on background strain.
Materials and methods

Mice
C57BL/6 (B6) and C57BL/6 x BALB/c F1 (CB6F1) male mice were obtained from the NIA aged mouse contract facility (Charles River). CB6F1 mice are the F1 hybrids of a cross between male C57BL/6 and female BALB/c, resulting in mice that are heterozygous at all loci where the parental strains have differing homozygous alleles. Various assays of physiological function were conducted on ten cohorts of male B6 and CB6F1 mice at 4, 12, 20, and 28 months of age acquired monthly with 13 to 26 mice per age group, for a total of 152 mice. This was a cross-sectional study that did not use the same mice throughout lifespan, but used groups of mice at different ages. Each cohort of the four age groups was assessed for physiological performance over the course of four weeks.
Coordinated walking ability
Coordinated walking ability was assessed using a rotarod apparatus (Rotamax 4/8, Columbus Instruments, Inc.) that tested the ability of the mouse to maintain walking speeds on a rotating rod. Mice were placed in the lanes of the rotarod with initial rod speed set at 0 RPM. The speed was progressively increased by 0.1 RPM/s (0 to 40 RPM over 5 min) until all mice had been dislodged as determined by an infrared sensor. The time in seconds was recorded. The assay was performed by the same person, at the same location. Data are reported as the median of 3 trials and standardized by body weight.
Self-motivated running
Self-motivated running distance was measured by a voluntary wheel running apparatus over three days as described by Goh and Ladiges (2015) . Mice were placed into a standard cage with a slanted plastic saucer-shaped wheel (Med Associates, Inc.). Mice were acclimated to the cage for 48 h with the wheel locked, after which the wheels were unlocked and the distance each mouse ran was tracked by a computer over 72 h including both light and dark cycles. Total distance in kilometers was recorded.
Novel environment response
Mice were assessed for movement levels in a novel cage environment using an open field photobeam apparatus (Photobeam Activity System, Columbus Instruments, Inc.). Each mouse was placed for 5 min in a clear, rectangular, plastic container the size of a standard mouse cage, which had a rectangular grid of infra-red beams inside, three on the X axis and four on the Y axis to measure horizontal movement (lateral activity). Another grid set of beams was positioned above the lower set to measure vertical movement (rearing). Beam breaks were counted for activity and rearing, and further classified for either the central or peripheral part of the box as a measure of anxiety.
Statistical analysis
Descriptive analysis was performed for all variables. Differences between strains and age groups were assessed using Analysis of Variance with two factors (strain, age group, and an interaction between them). When there was no interaction and a factor was statistically significant, we performed a post-hoc comparison of means using Bonferroni adjustment. Plots of the variables by age group and strain provide a visual description of the data, and a smoothing line by age group for each strain was added to show the tendency of the data.
Results
Retention times on the rotarod decreased with increasing age but at different rates in the two strains
Both strains showed a decline in ability to stay on the rotarod, but B6 mice in all age groups were able to stay on the rod longer on average compared to the same age groups of the CB6F1 strain (Fig. 1) . B6 mice had average times of 136.3 ± 45.8, 116.4 ± 36.2, 96.7 ± 32.0, and 84.6 ± 46.3 s on the rotarod in 4, 12, 20, and 28-month age groups, respectively. CB6F1 had average times of 114.1 ± 37.1, 76.9 ± 29.0, 61.6 ± 26.9, and 51.7 ± 20.6 s in the 4, 12, 20, and 28-month age groups, Fig. 1 . Retention times on the rotarod decreased in an age and strain dependent manner. For both strains, the 12, 20 and 28 month groups had significantly decreased times compared to the 4 month group (p ≤ 0.05), while the 28 month group had a significantly deceased time compared to the 12 month group (p ≤ 0.05). A. B6 mice stayed on the rotarod longer than CB6F1 mice, as shown in B. Fig. 2 . Voluntary running distance decreased with increasing age but at different rates in the two strains. For both strains, the only pair wise comparison not significantly different (at p ≤ 0.05) was between ages 4 and 12 months. A. B6 mice had lower mean distance traveled for all age groups except for the 28 month group, compared to CB6F as shown in B.
respectively. Only the comparisons between age 12 and 20, and between ages 20 and 28 were not statistically significant. Strain and age were both statistically significant, but there was no interaction between the two variables (data not shown).
Voluntary running distance decreased in an age and strain dependent manner
B6 mice ran average distances of 10.358 ± 5.613, 8.809 ± 4.528, 5.233 ± 3.388, and 2.207 ± 1.632 km in the 4, 12, 20, and 28 age groups, respectively. CB6F1 mice ran 15.158 ± 8.336, 11.835 ± 7.780, 6.415 ± 5.865, and 1.387 ± 2.698 km in the 4, 12, 20, and 28 month age groups, respectively. There was a high amount of variation for total distances ran in both strains of mice, with higher variation in younger groups and gradually lower variation in older age groups (Fig. 2) . The CB6F1 mice had higher mean distance traveled for all age groups except for the 28-month-old group compared to the B6 strain mice. The mean distances for both strains decreased with increasing age. Age was statistically significant (p = 0.001) in this assay but strain was also an important factor (p = 0.05). The only pairwise comparison that was not statistically different was between ages 4 and 12 months in both strains.
3.3. Open-field response movement was mostly stable or decreased for older ages in B6 mice, but tended to increase in CB6F1 mice Both strains had a wide variation in lateral and vertical beam breaks in the open field assay. The interaction between strain and age group was statistically significant for horizontal movement in the peripheral and central areas, p = 0.007 and p b 0.001, respectively, so the patterns for age groups were interpreted separately by strain (Fig. 3A, B, C, D) . B6 mice had more movement in the peripheral area in the 20-month age group than other age groups, while having a peak in central area for the 12-month age group followed by a decline in central area for older groups. CB6F1 mice had an increase in mean beam breaks with age that leveled off at the 28-month age group for both peripheral and central areas. There was a high amount of variability for each strain in each age group.
The interaction between strain and age group was also statistically significant for rearing movement in the peripheral and central areas (p = 0.001 and p b 0.001, respectively), so the patterns for age groups were interpreted separately by strain. Open field rearing showed large differences in trend between the two strains (Fig. 3E, F, G, H) . B6 mice had less variation in number of vertical breaks for peripheral and central areas than the CB6F1 mice. While B6 mice tended to have lower values Fig. 3 . B6 and CB6F1 mice showed striking age-related differences in open-field movements. A. Lateral movement in the central area was relatively stable in B6 mice compared to a significant age-related increase in CB6F1 mice (p ≤ 0.05), as shown in B. C. Lateral movement in the peripheral area was decreased in B6 mice with increasing age while increased in CB6F1 mice, as shown in D. E. Vertical movement in the central area was constant until 20 months in B6 mice while increased until 20 months in CB6F1 mice, as shown in F. G. Vertical movement in the peripheral area was relatively unchanged with age in B6 mice while increased with age in CB6F1 mice, as shown in H.
of rearing in the central area than in the peripheral area in all age groups, CB6F1 mice showed increased central area rearing at older ages, and also had an increase in variability with increasing age groups, suggesting increased levels of anxiety.
Discussion
This study sought to evaluate self-motivated and stress-response patterns in aging mice of two different strains using noninvasive and easily conducted physiological performance procedures. The observations suggest that inability to continue walking on a rotating rod and decreased motivation and ability to run seen in the aging mouse cohorts could be predictive of mobility performance observed in older people. In addition, performance in a novel cage environment was suggestive of increased anxiety often seen in the elderly.
The rotarod was used as a test for coordinated walking ability with constantly increasing rotation speed, while the voluntary running wheel was used as a test for self-motivated running distance. Results were significantly age dependent, and interaction between age and strain showed low likelihood of interaction so both tests have the power to distinguish phenotypes based on genetic differences. Although the running wheel values at the young ages started with high variability, the standard deviations in each age group decreased with increasing age. Because the genetic background of the two mouse strains influenced results of these two assays in an age-dependent manner, it is imperative to recognize that diverse genetic backgrounds in mice may yield different data in preclinical studies and would need to be interpreted individually for translational applications.
Our results also show that both age and strain affect the results of the open field test in an interactive manner, confounding the effects of both age and strain on the results. In addition, the shape of the curve cannot be explained by either lower physical activity or anxiety due to both having effects on mouse behavior (Careau et al., 2012) . It is confounded by these two differing variables, making interpretation of the data difficult and suggesting that the open field, as we performed it, is in fact useful to determine anxiety levels in aged mice. It should be pointed out that older CB6F1, but not B6, mice showed considerable vertical activity suggesting a decreased ability to deal with the stress of the novel environment. This strain therefore may be useful to further develop as a model of age-related anxiety.
The data generated with these assays align well with data generated by a radial water tread maze for cognition (Pettan-Brewer et al., 2013) and grip strength (Ge et al., 2016) using the same mice. Therefore, it may be possible to identify one assay that is especially quick and simple that could be used as a general marker for physiological age. An important factor to validate such an assay would be whether there is alignment with age-related pathology. An in depth pathological assessment is currently being done on tissues from all mice in this study using the geropathology grading platform that tracks biological age (Ladiges, 2016) . Preliminary observations suggest good alignment with assessments for grip strength, coordinated walking ability, and self-motivated running distances. These performance assays have been recently described as indices of aging in mice (Richardson et al., 2016) .
There are several issues of this study to consider due to the crosssectional design. Mice at each age group, especially those at older ages, had a survival bias that could have affected results from accurately representing the whole population of mice in these two strains. This is because the 28-month mice that survived were more likely healthier than those that did not survive. This bias towards the survival of healthier mice to older ages is, of course an implicit part of all aging studies, and thus our results remain widely applicable. The study also shows individual mouse variability within each age and strain cohort, providing a basis for selecting numbers of mice to observe significant differences when conducting these performance assays in cross-sectional study designs.
A follow up longitudinal study with both male and female mice would be very informative. This means that all mice would be observed and tested physiologically from birth using the same controls as those used in this study. Groups of mice could be chosen randomly for groups that are sacrificed at different age groups to determine any lesions and testing for things that could not be performed when a mouse was alive. It must be noted that all mice tested were male, so including females in a future study would be necessary to determine any gender differences in the mice.
